Cutaneous wound healing occurs in distinct yet overlapping steps with the end goal of reforming a stratified epithelium to restore epidermal barrier function. A key component of this process is re-epithelialization, which involves the proliferation and migration of epidermal keratinocytes surrounding the wound. This spatiotemporally controlled process resembles aspects of the epithelial-to-mesenchymal transition (EMT) process and is thus proposed to involve a partial EMT. Here, we review current literature on the cellular and molecular changes that occur during, and the known or potential regulatory factors of cutaneous wound re-epithelialization and EMT to highlight their similarities and differences. We also discuss possible future directions toward a better understanding of the underlying regulatory mechanisms with implications for developing new therapeutics to improve wound repair in humans. Developmental Dynamics 000:000-000, 2017. V C 2017 Wiley Periodicals, Inc.
Cutaneous Wound Healing
The mammalian epidermis is a stratified epithelium with proliferative stem/progenitor cells residing in the basal layer maintaining epidermal homeostasis and fueling repair/regeneration (Hsu et al., 2014) . Cutaneous wounding presents a unique challenge whereby the epidermis must alter its proliferative, migratory, and differentiating dynamics to re-establish a functional permeability barrier. The overall process of adult wound healing occurs in multiple distinct but overlapping steps (Shaw and Martin, 2009; Eming et al., 2014) . Almost immediately following wounding, inflammation occurs characterized by a coagulation cascade to prevent any further blood loss through formation of a fibrin clot and recruitment of immune cells to the wound site to eliminate potential infections. Signals from keratinocytes, platelets, and other immune cells trigger major changes in both the epidermis and dermis. Multiple events including fibroblast proliferation and extracellular matrix (ECM) remodeling occur in the dermis with a goal of replacing the fibrin clot with granulation tissue.
Angiogenesis occurs in the wound granulation tissue, presumably due to increased metabolic needs of the repairing tissue. Re-epithelialization is characterized by the migration and proliferation of the epidermal cells over granulation tissue. Multiple distinct populations of epithelial stem cells contribute to reepithelialization: those in the hair follicle bulge participate in the healing process transiently, whereas those in the interfollicular epidermis and isthmus/junctional zone participate in long term to generate new epidermis (Arwert et al., 2012; Plikus et al., 2012) . Simultaneous and important to the re-epithelialization process is the contraction of the wound, which is aided by fibroblasts and myofibroblasts in the dermis with contractile abilities.
Wound healing ends with a resolution phase, where the two migrating fronts of keratinocytes make contact with one another, halting migration and regenerating a stratified epithelium, and where remodeling and restructuring of the ECM occurs leading to scar formation. With the wound clear of debris and infections, a mass removal of immune cells (and fibroblasts) occurs either by apoptosis or returning to blood vessels. The current review will focus on existing literature that implicates the existence and regulation of a partial EMT in the re-epithelialization process of wound healing.
EMT
It has been long recognized that epithelial cells possess a range of inherent plasticity including the ability to become mesenchymal cells. The EMT process is known to produce migratory mesenchymal cell types, such as mesoderm and neural crest, during embryogenesis (Thiery et al., 2009) . EMT is also extensively studied in cancer, as it is believed to play a crucial role in cancer invasion, metastasis, and chemoresistance (see recent comprehensive reviews on EMT that discuss advances in these areas; Lamouille et al., 2014; Nieto et al., 2016) . Originally thought of as a transformation, suggesting a unidirectional and committed switch, EMT is now considered a transition suggesting a transient and reversible process (Lamouille et al., 2014; Nieto et al., 2016) . The reverse process of EMT is termed mesenchymal-to-epithelial transition (MET).
During the process of EMT, epithelial cells undergo cytoskeleton rearrangement, lose their cell-cell junctions and apical-basal polarity, change their interaction with the ECM, and acquire mesenchymal features including enhanced motility and invasiveness (Thiery et al., 2009; Lim and Thiery, 2012; Lamouille et al., 2014; Nieto et al., 2016) (Table 1) . To facilitate such cellular changes, EMTing cells alter their gene expression program, such as downregulating the expression of epithelial junctional components and up-regulating the expression of genes involved in promoting cytoskeletal changes and adhesion to mesenchymal cells (Lamouille et al., 2014) (Table 1 ). The extent of these cellular and molecular changes differs depending on cell/tissue type and on the extent of EMT.
Generally, EMT-related studies have examined the expression of epithelial (i.e., E-cadherin) and mesenchymal (i.e., N-cadherin or vimentin) markers to define the process, whereas definitive experimental evidence for true mesenchymal state as the end point is lacking in numerous cases where the EMT term is used. In such cases, epithelial-to-mesenchymal-like epithelial transition might be a more accurate term, but could generate additional confusion in an already controversial field. Instead, EMT has been most recently described as a "continuum" where metastable epithelial cells can exhibit different states along the EMT spectrum between the epithelial 'E" state and mesenchymal "M" state (Nieto et al., 2016) . Intermediate states, known as "EM" states where cells exhibit partial E and M features, have been observed both experimentally and in mathematical modeling. Partial EMT has been used to describe several processes in contexts such as development, fibrosis, cancer, and wound healing (Nieto et al., 2016) .
EMT "continuum" or partial EMT still suggests mesenchymal state as the obligatory destination of the process if it was to reach completion. An alternative, although purely hypothetical, scenario is that multiple destination states are possible. That said, broadening the underlying definition of EMT would accommodate a wide array of observed variations of epithelial plasticity in both developmental and pathological contexts.
EMT is induced by a variety of signaling molecules, and is regulated by several transcription factors, microRNAs, as well as epigenetic factors (extensively reviewed in Lamouille et al., 2014) . Growth factors and signaling cascades that induce EMT, some in a tissue-and context-dependent manner, include transforming growth factor beta (TGF-b), epidermal growth factor (EGF), fibroblast growth factor (FGF), hepatocyte growth factor (HGF), Wnt, Hedgehog (Hh), and Notch (Table 1) . Transcriptional regulators include both EMT-promoting transcription factors, such as Snai1 (Snai1), Slug (Snai2), Zeb1, Zeb2, and Twist, and EMT-inhibiting transcription factors, such as Grhl2, Ovol1, and Ovol2 (Nieto et al., 2016) (Table 1 ). Recently, we have shown that loss of Ovol1/Ovol2 results in developing mouse epidermal cells undergoing morphological, behavioral, and molecular changes reminiscent of EMT (Lee et al., 2014) . These cells fail to execute a proper epidermal differentiation program, and functional rescue experiments suggest a causal relationship between the EMT-like phenotype and the terminal differentiation defect. This necessity to suppress EMT-like events during epidermal morphogenesis implicates the possible existence of partial EMT in embryonic epidermis. The notion that partial EMT occurs in adult epidermal wound healing to facilitate the migration of epidermal cells during re-epithelialization was proposed in 2005, and has been widely accepted (Arnoux et al., 2005; Nieto et al., 2016) . However, whether this notion has received strong experimental support or remains an attractive hypothesis warrants a closer look.
DEVELOPMENTAL DYNAMICS

Morphological Changes and Cellular Dynamics During Wound Reepithelialization
Various organisms have been used as experimental models to elucidate and characterize the morphological and cellular changes that allow for the process of wound re-epithelialization during embryogenesis or adulthood. Variations in mechanisms have been identified and appear to be organism-, developmental stage-, and epithelial tissue-dependent, but collectively add to a better understanding that has the potential to be applied to improving wound healing in humans.
Lessons From Lower Organisms and Embryos
Studies in model organisms such as fly and chick embryos have provided insights into the role of the actin-based machinery in wound closure. Live imaging studies in fly embryos coupled with small GTPase perturbations underscore the formation of a "purse string" by the actin cable to help generate the necessary contractive forces, as well as suggest the existence of redundant mechanisms and highlight the importance of actin-based filopodia and lamellipodia for "kitting" of the epithelial cells at the terminal stages of wound repair (Wood et al., 2002) . Interestingly, the "purse string" mechanism seems to be specific to embryonic stages, whereas adult flies have a lamellae-specific mechanism that involves epidermal polyploidization and cell fusion (Razzell et al., 2011; Losick et al., 2013) . Experiments carried out in chick embryos also illustrated how actin cables generate a contractile "purse string" around the wound, as opposed to adult wounds where cells migrate by lamellipodia (Martin and Lewis, 1992) .
Zebrafish has also been used as a model system for studying cutaneous wound healing, and its healing process in adult skin shares similar steps as that of mammals except for the formation of an external fibrin clot (Richardson et al., 2013) . Adult zebrafish heal their wounds with minimal scarring, despite the presence of a strong inflammatory response. Although the process of re-epithelialization in adult zebrafish has yet to be meticulously dissected, it is worth noting that the rate of re-epithelialization appears to be very rapid (Richardson et al., 2013) .
Wound healing in mouse embryos is distinctly different from that in adult animals, particularly in that embryonic wounds heal perfectly without scarring (McCluskey and Martin, 1995) . Embryonic day 16 is the latest stage where mice can heal without visible scars (Ferguson and O'Kane, 2004) . A possible explanation for regeneration in embryos vs. scar formation in adults is the absence of inflammation during embryonic wound healing in mice (Redd et al., 2004 ). This said, recent studies have shown that when wounds are sufficiently large, proper regeneration including the formation of hair follicles can occur in the center of wounds in several mammalian models such mice, rabbits, and even humans (Ito et al., 2007; Plikus et al., 2012 Plikus et al., , 2017 .
Re-epithelialization During Mammalian Skin Wound Healing
Wound re-epithelialization in adult mammals involves collective migration, proliferation, and differentiation of keratinocytes around and/or within the damaged site (Shaw and Martin, 2009) . A combination of in vitro and in vivo studies has been used to characterize the re-epithelialization events. The in vitro methods include standard scratch assays with primary keratinocyte or epidermal cell lines. Previous in vivo evidence on wound healing studies in mice had been limited to static histological, immunostaining, and electron microscopic images, limiting our understanding of the spatiotemporal dynamics of cell proliferation and migration during re-epithelialization.
What was clear though is that migration of epidermal cells is restricted to the region that is proximal to the injury site whereas cells distal from the injury site proliferate (Coulombe, 1997; Arnoux et al., 2005) (Fig. 1) . A recent study pioneered the use of intravital imaging of wound re-epithelialization in live mice to examine its spatiotemporal cellular dynamics (Park et al., 2017 ). This work not only re-enforced the accepted notion of spatially separated migratory and proliferative zones, but also discovered the existence of a so-called mixed zone where migration and proliferation co-exist.
Additionally, this work highlights several important points related to epidermal cell migration in the healing wounds: (1) both basal and differentiating suprabasal cells migrate toward the wound in a spatially organized manner, (2) the rate of local migration correlates with the rate of upward differentiation of migrating epidermal cells, (3) cell migration and elongation predict the directionality of cell divisions toward the wound center.
In both in vitro and in vivo experiments, a preparatory phase is found to exist before the onset of migration toward wound center, whereby neighboring keratinocytes are alerted to the trauma and undergo an activation process characterized by molecular, morphological, cytoskeletal, and adhesive changes (Grinnell, 1992; Coulombe, 1997; Arnoux et al., 2005) . Some of these changes resemble those that occur during EMT, leading to the prevailing proposal that wound re-epithelialization is a partial EMT process (Arnoux et al., 2005) . Below, we discuss the cellular and molecular changes during re-epithelialization that bear relevance to classical EMT (Table 1) , focusing primarily on evidence from in vivo studies.
Directly around the wound, cell "ruffling" was initially used to describe the morphological changes at the early stages in human wounds (Odland and Ross, 1968) . More specifically, cells change their shape from being polarized cuboidal to being more flattened and elongated with extended cytoplasmic projections (Fig. 1A,B) . These cell shape changes are preceded and/or accompanied by alterations in gene expression including up-regulation of hyperproliferation-associated keratin 6 (K6) and K16, retraction of keratin filaments (which normally associates with desmosomes and hemidesmosomes) from the cell periphery, as well as major reorganization of the actin cytoskeletal network (which normally associates with adherens junctions) (Coulombe, 1997 (Coulombe, , 2003 Arnoux et al., 2005) .
Cell-cell adhesion is altered, characterized by reduced desmosomal adhesion between cells as well as the reduced presence of adherens junction components such as E-cadherin, leading to appearance of intercellular gaps (Coulombe, 1997; Arnoux et al., 2005; Garrod et al., 2005; Nunan et al., 2015) (Fig. 1B) . Failure to down-regulate desmosomal adhesion, as in mice where protein kinase C a is deficient, is associated with delayed wound healing (Thomason et al., 2012) . Down-regulation of adherens junctions and tight junctions, but not desmosomes, has been shown to be mediated by ephrin-B-EphB signaling, as epidermal-specific knockout of both ephrin-B1 and ephrin-B2 results in impaired wound closure, characterized by persistent adherens junctions between cells in the migrating front (Nunan et al., 2015) .
Cell-matrix adhesion is also altered to facilitate migration from a normally collagen/laminin-rich basement membrane to and through a fibronectin/tenascin-rich provisional matrix of the clot (Shaw and Martin, 2009; Nunan et al., 2015) (Fig. 1A,B) . Specific changes include redistribution of a2b1, a3b1, and a6b4 integrins (receptors for collagen or laminin) on keratinocyte surface, activated expression of a5b1, avb6, a9b1, and avb5 integrin (receptors for fibronectin, tenascin, or vitronectin), as well as increased metalloproteinase activity that facilitates DEVELOPMENTAL DYNAMICS keratinocyte migration by promoting ECM remodeling and hemidesmosome breakdown (Arnoux et al., 2005) .
While reducing epithelial traits is an integral part of keratinocyte activation and migration during wound re-epithelialization and is reminiscent of partial EMT, in vivo evidence for gain of mesenchymal features is sparse. Elevated expression of vimentin and fibroblast-specific protein 1 (FSP1) has been noted in the migrating epithelial tongues of acute wounds of thermal burn patients and in hypertrophic scars (Yan et al., 2010) . In a recent study, the spatiotemporal profile of keratinocyte migration and proliferation during wound healing in mouse tail was carefully dissected, again showing that these cellular events can be uncoupled (Aragona et al., 2017) . Gene expression analysis of the migrating leading edge revealed an enrichment of genes involved in cell migration (e.g., metalloproteinases) and cell adhesion (e.g., protocadherins, a5-integrin, desmosome, and gap junction proteins). Genes controlling cytoskeleton and actin remodeling (e.g., actin regulators, myosin, and tubulin) are also part of the leading edge molecular signature, consistent with epidermal migration being driven by actin-myosin filaments that generate traction forces and actin polymerization that generates protrusions (Mitchison and Cramer, 1993; Shaw and Martin, 2009 ). Of interest, EMT genes were not noted as part of the leading edge signature (Aragona et al., 2017) .
The down-regulation of proliferation in migrating epidermal cells of the healing wounds (Arnoux et al., 2005; Aragona et al., 2017; Park et al., 2017 ) is worth noting, as an inverse correlation between EMT and cell proliferation has been noted in multiple contexts (Arnoux et al., 2005; Brabletz and Brabletz, 2010; Lim and Thiery, 2012) . This said, EMT has also been suggested to promote cancer stem cell characteristics, which encompass the ability to self-renew and proliferate (Mani et al., 2008; Scheel et al., 2011) . As such, complex and even unrelated mechanisms may underlie the observed parallel in proliferative activity between wound re-epithelialization and EMT.
Conceivably, the adhesive and cytoskeletal changes that occur in the leading edge must be kept in check so that migrating epidermal cells are able to eventually resume their full epithelial state (Fig. 1C) to execute a terminal differentiation program to regenerate a stratified epithelium. Indeed, E-cadherin returns to normal levels soon after the two migrating fronts meet (Kuwahara et al., 2001) . Moreover, the expression of genes within the leading edge signature decreases as wound re-epithelialization progresses, and disappears upon fusion of the two edges whereas proliferation is resumed at the wound center (Aragona et al., 2017) . Furthermore, loss of a desmosomal component Perp leads to impaired re-epithelialization due to enhanced keratinocyte migration while proliferation is unaffected (Beaudry et al., 2010) . These findings implicate the transient and reversible nature of the molecular/cellular events that occur during wound reepithelialization. However, a systematic comparison between the reverse events in the neoepidermis and MET has not yet been performed.
EMT Regulators in Cutaneous Wound Healing
EMT-Inducing Signals in the Wound Bed
Signaling in the wound bed is a complicated and intertwining affair involving epidermal, dermal, and immune cells, as well as both paracrine and autocrine mechanisms. Platelets and neutrophils represent some of the key initial signaling sources that release factors to activate/recruit fibroblasts and keratinocytes (Shaw and Martin, 2009 ). Important among the complex signaling milieu are EGF, FGF, HGF, keratinocyte growth factor (KGF), and TGF-b (Arnoux et al., 2005; Eming et al., 2014) (Table 1) . While these signaling molecules ultimately all influence the proliferation and/or migration of epidermal keratinocytes around the wound edge, their cellular origins and underlying mechanisms vary and do not necessarily indicate a direct involvement in regulating the EMT-like aspects of keratinocyte activation.
Particularly relevant to the regulation of partial EMT are EGF and TGF-b (Fig. 1A,B) . EGF signaling, mediated through EGF receptor (EGFR) and particularly extracellular-signal-regulated kinase 5, is thought to control Slug expression and keratinocyte activation during wound healing (Arnoux et al., 2008) . EGFR signaling is enhanced in N-acetylglucosaminyltransferase V transgenic mice, and is associated with EMT-like phenotypes (elevated levels of Snai1, Twist, and N-cadherin; lower level of E-cadherin) and enhanced re-epithelialization (Terao et al., 2011) . TGF-b signaling is well-known for its EMT-inducing activity in a myriad of tissue, developmental, and cancer contexts (Nieto et al., 2016; Stone et al., 2016) . Its role in cutaneous wound healing has been demonstrated by several studies (extensively reviewed in Bielefeld et al., 2013) , dating back to as early as the 1980s (Mustoe et al., 1987) . However, complicating the interpretation of its net effect on wound re-epithelialization (Arnoux et al., 2005; Nieto et al., 2016; Stone et al., 2016) is the different and even opposite roles of the three TGF-b ligand isoforms (TGF-b1, TGF-b2, and TGF-b3), its plethora of actions on multiple cellular components in the wound bed, including its ability to promote a fibrotic response (TGF-b1) and induce epithelial cell growth arrest (Le et al., 2012; Bielefeld et al., 2013) .
Other developmental signaling pathways such as Wnt, Hh, and Notch have also been implicated in wound healing (Bielefeld et al., 2013) . A functional involvement of Wnt signaling has been shown for hair follicle regeneration in large wounds (Ito et al., 2007) , whereas a specific effect on wound re-epithelialization in vivo remains elusive. Genetic or pharmacological perturbation of Notch signaling compromises wound closure, but the effects appear pleiotropic and are not limited to that on keratinocyte migration (Chigurupati et al., 2007) .
EMT-Inducing Transcription Factor in Cutaneous Wound Healing: Slug
Existing evidence supports the in vivo functional involvement of Slug in cutaneous wound healing. Slug belongs to the Snail superfamily of well-conserved zinc finger transcriptional repressors first identified in Drosophila melanogaster and shown to induce EMT initiation (Nieto, 2002) . In the chick, Slug was identified as an important regulator of mesoderm and neural crest formation, two classical developmental processes that require EMT (Nieto et al., 1994) . In the mouse, Snail is critical for mesoderm formation and Snai1 null mice die at gastrulation, whereas Slug is not required for mesoderm or neural crest formation (Jiang et al., 1998) .
This said, early studies show that Slug overexpression in a rat urinary bladder carcinoma cell line is able to reduce desmosomal association between cells (Savagner et al., 1997) , a notion that is later corroborated by other studies in other cell types including keratinocytes (Shirley et al., 2010) . Whether Slug is normally expressed in skin epithelia is controversial, but its loss in mice results in a thinner epidermis and transient delay of hair growth (Shirley et al., 2010) . Slug expression is elevated in keratinocytes at the wound margins (Fig. 1B) both in vivo and in vitro, and Snai2 null mice display compromised epidermal migration as soon as 72 hr after wounding with cells at leading edge displaying blunted epithelial extensions (Arnoux et al., 2005; Hudson et al., 2009) . Moreover, enhanced expression of E-cadherin and K8 is seen at the migrating front tips in these mice, whereas the rate of wound closure does not appear to be affected. Together, these studies portrait a modulatory, but nonessential function of Slug in wound re-epithelialization.
Other Potential In Vivo Regulators of EMT in Cutaneous Wound Healing
In vivo studies have identified other potential regulators of wound re-epithelialization. A recent study reported the coexpression of transcription factor Foxn1 with EMT markers Snai1, MMP9, and N-cadherin during wound re-epithelialization (Gawronska-Kozak et al., 2016) . However, evidence for a functional involvement is lacking. Mice deficient in EMT marker vimentin show wound re-epithelialization defects that appear to be associated with defects in keratinocyte migration, decreased molecular features associated with EMT, as well as defects in maturation and stratification of the neoepidermis (Cheng et al., 2016) . However, the predominant mode of action seems to involve fibroblasts by means of a paracrine mechanism. The expression of transcription factor Citp2 is activated in keratinocytes upon wounding, and epidermal-specific deletion of Citp2 results in delayed wound healing (Liang et al., 2012) . Here defective re-epithelialization stems from delayed proliferation in the epidermis as well as inability of the keratinocytes to suppress Ecadherin expression in the migrating tongues. Lipocalin 2, which when overexpressed can down-regulate E-cadherin expression and up-regulate mesenchymal markers, has been shown to act downstream of transcription factor TCF3 to promote epidermal cell migration and wound healing (Miao et al., 2014) . Despite tantalizing clues, the molecular mechanisms underlying the actions of these EMT-inducing factors are not fully understood.
Conclusions and Perspectives
Conceptual and technological advances have been made in the study of cutaneous wound repair. Wound re-epithelialization, more specifically, keratinocyte activation and migration, share many of the cellular and molecular changes with EMT, particularly decreased epithelial traits (e.g., cell adhesion) and increased motility. However, a typical EMT core signature (e.g., activation of mesenchymal genes) does not appear to be a prominent feature of the migrating wound epidermal cells. Wound re-epithelialization and EMT are also regulated by common signaling pathways, yet the underlying mechanisms might be distinct. Moreover, Slug is the only well-known EMT-inducing transcription factor for which a function in wound re-epithelialization has been shown.
It remains possible that Slug function in this context is in part independent of its classical EMT-inducing activity. Ideally, accepting the notion that wound re-epithelialization is a partial and reversible EMT process as a fact rather than a hypothesis entails experimental proof that activating/migrating epidermal cells in the wound are indeed capable of adopting a mesenchymal fate in vivo if appropriate conditions were met. Without such proof, the changes associated with wound keratinocyte activation and migration are best viewed as a mild form of epithelial plasticity, rather than a partial EMT. Alternatively, one may relax the definition of EMT as discussed above (Nieto et al., 2016) to include this form of plasticity that occurs predominantly within an epithelial range with no strong indication of mesenchymal state as the end point.
Semantics aside, important issues remain regarding epithelial plasticity in wound re-epithelialization. How heterogeneous is the epidermal cell population that undergoes activation and migration? Are cells in a continuum of transitional states, or in stable or metastable intermediate states? Single-cell RNA-seq analysis at different postwounding time points, although technically challenging given the small number of cells at the earlystage migrating fronts, should provide insights into the issues of cellular heterogeneity and cell state transitions. The identification of leading edge-specific surface markers such as a5 integrin (CD51) (Aragona et al., 2017) will facilitate such effort.
Is partial EMT used during wound re-epithelialization to solely gain motility, or to also facilitate cell fate choices, such as when and how to divide, whether or not to commit to terminal differentiation or to adopt expanded lineage potential? Interesting leads are emerging from recent profiling and imaging studies (Aragona et al., 2017; Park et al., 2017) , which when combined with genetic and chemical perturbations will help establish causal effects. The issue of expanding lineage potential might be particularly relevant to large wounds, where healing is geared toward regeneration of not only the interfollicular epidermis but also epidermal appendages and fat (Plikus et al., 2017) . The existence of stable or metastable intermediate states within an EMT spectrum could potentially lower the energy barrier for such lineage reprogramming during regeneration.
Another area of interest is the signaling and transcriptional mechanisms that regulate epithelial plasticity during wound reepithelialization. For growth factor signals that are known to affect wound healing, elucidating their direct effect (if any) on keratinocyte activation and migration as well as the major contributing source(s) of such signals entails cell type-and/or temporally controlled genetic manipulations. The role of typical EMT-inducing transcription factors other than Slug (e.g., Zeb1 and Zeb2) in promoting keratinocyte activation and migration during wound re-epithelialization can be systematically examined. Mechanistic dissections can be performed to understand whether they act by regulating EMT or non-EMT processes.
As one of the major reasons for controversy in the EMT field is that a large number of studies have been performed using cultured cells that may present in vitro artifacts not relevant to physiological conditions, studying the involvement of potential EMT regulators needs to use animal models or at least organotypic culture systems. Moreover, the toolbox of EMT characterizations here needs to be expanded beyond simply examining the expression of a small number of EMT markers to include a more exhaustive list of genes (e.g., Table 1 ), and more sophisticated molecular and cellular techniques such as gene profiling, single cell RNA-seq, and intravital imaging. New insights from intravital imaging of cutaneous wounding healing showcase remarkable spatiotemporal coordination and organization of multiple cellular events during re-epithelialization (Park et al., 2017) . It is expected that this technology will be incorporated into future studies to examine the precise mode of epidermal migration during wound healing in wild-type vs. EMT-misregulated animals, the behaviors of not only epidermal cells but also other cellular constituents (e.g., fibroblasts and immune cells) in the healing wounds, as well as how such behaviors are modified when signaling and gene expression programs are altered in the wound microenvironment.
Importantly, we know very little about the regulatory mechanisms that prevent migrating epidermal cells from completely losing epithelial traits (e.g., undergoing complete EMT). What mechanisms confer reversibility to the partial EMT process so that a full epithelial state is properly restored to allow terminal differentiation and neoepidermal stratification? Known negative regulators of EMT or positive regulators of MET, such as the Grhl2 and Ovol1/2 transcription factors, are obvious candidates that can be experimentally tested.
A better understanding of epithelial plasticity regulation during wound healing has important clinical implications. Managing chronic wounds represents major health care costs, and our ability to manipulate such plasticity holds promise in improving wound repair in human patients. Insights from wound studies are likely also applicable to cancer research, where EMT has been considered a major contributing factor to metastasis and/or chemoresistance, and to tissue fibrosis, which is shown to be associated with enhanced/prolonged EMT (Nieto et al., 2016) .
